INTRODUCTION
Breastfeeding has been universally accepted as the optimal way to nourish and nurture infants, with the recommendation that infants be breastfed exclusively for approximately the first 6 months (1) (2) (3) (4) (5) . Effective breastfeeding according to this criterion requires intention and follow-through from the mother, plus positive provider attitudes, clinical and social support. In prior research, significant factors related to initiation and anticipated duration of breastfeeding include parity (6) , plans for return to work or school after delivery, maternal confidence, beliefs regarding breastfeeding benefits, and breastfeeding readiness as it relates to Stages of Change (7) . Breastfeeding initiation is also enhanced by supportive breastfeeding policies at delivery hospitals (8) (9) (10) . Actual duration of breastfeeding is predicted by anticipated duration, breastfeeding knowledge, maternal confidence, maternal education, and support from clinicians (11) (12) (13) (14) . Exclusive breastfeeding at hospital discharge is a widely used surveillance indicator for sustained breastfeeding (12, 15) .
Group disparities in overall and exclusive breastfeeding are of great concern, and remain unchanged over the past decade (16, 17) . According to national and state cross-sectional data, exclusive breastfeeding is less likely among younger, minority and higher-parity mothers. In addition, recipients of the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) are less likely to exclusively breastfeed than the general population (17) . Longitudinal data on breastfeeding initiation allows examination of hypotheses not accessible to cross-sectional analysis. Consider two scenarios, both consistent with a 5%-point decline in breastfeeding from first to second child. In one scenario, 50% of mothers breastfeed their first child, and 90% of those mothers also breastfeed their second, while no other mothers do. So 45% of second-born infants are breastfed. In another scenario, 50% of mothers breastfeed their first child, but only 60% of those mothers also breastfeed their second. However, 30% of mothers who did not breastfeed the first do for the second. So again 45% of second-born infants are breastfed.
While clearly different, the two scenarios cannot be distinguished from a cross-sectional tabulation of breastfeeding status by parity. In the first scenario breastfeeding is a persistent, trait-like behavior-we would be more likely to look for causal explanations and interventions that focus on stable maternal traits, such as cultural background, social class, and community factors. If we knew the second scenario better described reality, we would give more attention to situational and experiential factors. In other words, the degree of turnover in breastfeeding initiation offers a clue as to the modifiable causal mechanisms that underlie breastfeeding behavior. In this paper we probe how this novel analytic approach might be used to assess existing breastfeeding promotion strategies and elaborate new ones.
We use a longitudinally linked maternal file capturing New Jersey births from 1996 to 2001 to examine stability and change in breastfeeding status at discharge between each mother's first and second birth. As in the above scenarios, we distinguish the persistence of breastfeeding after a first birthrecurrence-from new breastfeeding after a formulafed first infant-recruitment. We examine whether these dynamic components of prevalence, which are mathematically and perhaps behaviorally independent, differ by race, Hispanic origin, and immigrant status.
MATERIALS AND METHODS

Data Source
New Jersey's Electronic Birth Certificate (EBC) collects feeding method in the 24 hours prior to hospital discharge (exclusive breastfeeding [BFED], formula feeding, combination of formula and breastfeeding, other, or unknown) for all live births. Maternal information-mother's race, Hispanic origin, age, marital status, education, birth place of mother, parity, and timing of prenatal care initiation-were also obtained from the EBC. Newborn information such as birth weight, delivery complications, and neonatal intensive care utilization are also recorded.
Records were linked by mother via probabilistic matching using AutoMatch software (18) . The data fields used in linkage were all maternal: last name, first name, maiden name, and date of birth. Municipality of mother's residence, maternal race and Hispanic origin, and hospital of delivery also played a limited role in identifying and evaluating matches. To minimize false links, very selective program parameters for match sensitivity were specified. After linkage, we tested several additional variables for consistency to assess the overall process: self-reported parity agreed with the constructed record sequence in 97% of histories; mother's blood type matched in 96% of comparisons.
The linked file contains a total of 646,134 births 1996-2001 and 503,593 unique mothers. Of these women, 116,351 (23%) were observed for multiple pregnancies. Among these maternal histories, 76,078 (65%) included the first birth for that mother, and so are available for traditional prospective analysis techniques.
To focus attention on situations where breastfeeding is most likely to be feasible we excluded EBC records for newborns that were admitted to the neonatal intensive care unit (NICU) for any duration, or that were not discharged directly from the delivering hospital to home (i.e., died or were transferred to another hospital). In the cohort of mothers with more than one delivery from 1996 to 2001, 67,585 were discharged directly home without any intensive care use and reported breastfeeding status was known for both births.
Statistical Methods
Birth records were restructured to include all relevant information from the first two pregnancies on one record. Cross-tabulation of the same variable at two successive times is referred to as a transition matrix. The conditional probability of moving from an earlier state to a later state is called the transition probability.
The transition matrix is a tool of stochastic process analysis, whose assumptions are slightly different from those of cross-sectional analysis (19) . Instead of starting from the a priori assumption of two independent random variables with autonomous distributions, stochastic process theory starts with an autonomous initial distribution and a transition matrix that projects future distributions. While a formal test of statistical independence is the same in either case, the latter formulation makes more sense as a model for the unfolding of a personal history. We should think of the prevalence of feeding methods at a later point in time as being completely described by an earlier distribution and a specific transition structure.
We highlight two types of transition as most relevant to the promotion of exclusive breastfeeding. We define the recurrence rate as the transition probability for exclusive or any breastfeeding at the second birth given the same for the first birth. We define the recruitment rate as the transition probability for exclusive breastfeeding at the second hospital discharge given combination or formula feeding at discharge for the previous birth. We also consider alternatives using any breastfeeding. We compute these rates for population subgroups based on Hispanic origin, race and foreign-born versus native status. All analysis was performed using SAS (20) . Since the longitudinal file captures virtually all births for the period for the analysis cohort, we forego statistical inferences based on sampling variability. The practical significance of subgroup differences should be judged on external rather than statistical standards.
RESULTS
The prevalence of exclusive breastfeeding decreases from the first to the second delivery for each of the subpopulations in Fig. 1 . The aggregate decline in exclusive breastfeeding overall is about six percentage points (11% relative change). Figure 2 shows a more varied pattern for the prevalence of any breastfeeding including combination feeding. While white women experience a decline in this outcome also, some other groups increase prevalence in successive deliveries.
The magnitude of net change, however, underestimates the individual variation, as shown in the transition matrix of Table I . Absent any recruitment, the change in the marginal prevalence of exclusive breastfeeding would imply about 89% recurrence. Of the mothers who exclusively breastfed their first in- fant, however, only 69% of them exclusively breastfed the second. Similarly, among mothers who exclusively formula fed their first infant only 73% did the same with their second. Among mothers who combined formula and breastfeeding for their first infant, all outcomes (BFED, combination, and exclusive formula feeding) were almost equally likely for the second. Overall, 64% of women used the same feeding method at discharge for both births: 37% BFED, 23% formula feeding, and 5% combination feeding.
The transition matrix also demonstrates that every type of change is fairly common. In particular, changes from other feeding statuses to BFED account for about 23% of BFED second births. Exchanges between exclusive and combination breastfeeding are also quite frequent.
Recurrence and recruitment rates tend to vary across subpopulations, but not in the same way. As seen in Fig. 3 , recurrence of BFED and any breastfeeding from first to second birth was higher for white women than for most minorities-over 70% vs. around 50%-and differed by only a few percentage points between native and foreign-born women of the same race/ethnicity. According to Fig. 4 , recruitment to exclusive or any breastfeeding for the second birth showed strong differences by native/foreign birth and higher rates of recruitment to any breastfeeding among race/ethnic minorities.
DISCUSSION
There is considerable fluidity in breastfeeding initiation across successive pregnancies for the same mother. Only the net change in distribution is visible to cross-sectional analysis, so individual variability is masked. Several insights and hypotheses are suggested by specific transitions.
Consider women who breastfeed at the first birth, and strategies we might suggest to improve recurrence in their later births. Clinical support for breastfeeding initiation is the responsibility of the provider involved in the mother's prenatal and post-partum care, and of the delivery hospital. Variations in recurrence may be a function of provider and hospital practices. Promotional interventions tailored for providers that serve populations with lower propensity to breastfeed should therefore have benefits across successive births (21) . Although population data are hard to come by, it seems natural that failure to maintain breastfeeding after initiation would often lead to subsequent non-recurrence. Given strong intention to breastfeed, duration depends in part on maternal self-efficacy, problem solving skills, and ongoing social support (22, 23) . Deficits in these areas are associated with lower socioeconomic status, and this may explain our finding that minorities are most at risk for non-recurrence. Programs that involve family, friends and peer mentors are a proactive way to foster needed support and skills (24) (25) (26) .
Recruiting mothers from formula feeding to any breastfeeding at later births, on the other hand, means enhancing intention and initiation. Our attention shifts to prenatal care-addressing easily identified barriers and imparting new knowledge, attitudes and skills. New Jersey PRAMS (27) documents that caring for older children and returning to work are important barriers to initiation. In a nationwide focus group study, mothers were usually aware of some benefits of breastfeeding, but not necessarily aware of the negative health outcomes that could be avoided with breastfeeding (7, 28) .
The importance of information and cultural attitudes to breastfeeding intention is ironically illustrated by the example of foreign-born mothers. Since the majority of U.S. infants receive formula (17) , recent immigrants may consider formula feeding as being more "American," at least for their first births. We find that foreign-born mothers across race/ethnicity were more likely to be recruited to exclusive breastfeeding in subsequent births. The pattern suggests that these women are subject to first a deflection, then a restoration of their normative cultural orientation to breastfeeding-a clear illustration of the importance of cultural competence in breastfeeding promotion efforts.
Supplementation of breastfeeding, or combination feeding, occupies a controversial position. Long advocated to maximize the infant's short-term hydration and nutrition, supplementation may undermine the establishment of effective lactation-creating a longer term and potentially greater harm. Our findings indicate that combination feeding for the first birth is dramatically more likely than formula feeding to be followed by exclusive breastfeeding later. Whether this "upgrade" is due to positive feedback from the prior partial breastfeeding, or dissatisfaction, following inhibited duration, it is an important benefit. This opportunity should be exploited in both prenatal and post-partum care, with emphasis on practical issues.
Two limitations to the research design are worth consideration. First, while internal validation measures make us confident of the general accuracy of the data linkage, the process is inherently imperfect. It is always possible that a few false links exist, which would lead to inferences of greater mobility. It is also possible that a few births to these mothers occur out of state, with unknown implications for our inferences.
Second, the reliability and validity of breastfeeding status at discharge as recorded on the birth certificate are not well established. In New Jersey, this data field is used constantly for hospital level surveillance, and we have no indications from the field that there are major problems. We have made informal comparisons with breastfeeding data from our newly launched PRAMS survey, and they suggest that discharge status is relatively strongly associated with self-reported initiation and with continuation for at least ten weeks.
We might have chosen to investigate other explanatory factors within this report, but we did not. We focus on race, Hispanic origin and immigrant status because their influence on breastfeeding is well documented, and is generally understood to have a substantial component that is "cultural" and presumably stable. Demonstrating less than complete recurrence and considerable recruitment within all these subgroups should curb our enthusiasm for fixed person-level traits as prime explanations of breastfeeding behavior. Further research in this vein will rely on better data than is available from birth certificates alone.
Rates of exclusive breastfeeding initiation have declined nationally since the early 1980's (17) . Longitudinal analysis has important implications for understanding barriers, trends, and potential interventions. Since recurrence rates for both breastfeeding and formula feeding are high, increasing breastfeeding initiation for first births is very important. Efforts to increase breastfeeding prevalence at successive births should benefit from distinguishing recurrence and recruitment and tailoring promotion strategies to specific histories. Further research using longitudinal data may be more powerful in determining which barriers and promotion strategies have non-uniform impacts on specific subsets of women.
